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ANALYSIS OF TRENDS IN WATER-QUALITY DATA FOR WATER CONSERVATION
AREA 3A, THE EVERGLADES, FLORIDA

By Harold C. Mattraw, Jr.!, Daniel J. Scheidt?, and Anthony C. Federicod

ABSTRACT

Rainfall and water-quality data bases from the South Florida Water Man-
agement District were used to evaluate water-quality trends at 10 locations
near or in Water Conservation Area 3A in The Everglades. The Seasonal Kendall
test was applied to specific conductance, orthophosphate-phosphorus, nitrate-
nitrogen, total Kjeldahl nitrogen, and total nitrogen regression residuals for
the period 1978-82. Residuals of orthophosphate and nitrate quadratic models,
based on antecedent 7-day rainfsll at inflow gate 5-11B, were the only two
constituent-structure pairs that showed apparent significant (p less than
0.05) increases in constituent concentrations. Elimination of regreg=ion
models with distinct residual patterns and data outliers resulted in 17 sta-
tistically significant station-water quality combinations for trend analysis.
No water-quality trends were observed.

The 1979 Memorandum of Agreement outlining the water-quality monitoring
Program between the Everglades National Park and the U.S. Army Corps of Engi-
neers stressed collection four times a year at three stations and extensive
coverage of water-quality properties, Trend analysls and other rigorous
statistical evaluation programs are better suited to data monitoring programs
that include more frequent sampling and that are organized in a water-quality
data-management system, Pronounced areal differences in water quallty suggest
that a water-quality monitoring system for Shark River 8leugh in Everglades
National Park include collection locatiens near the source of inflow to Water
Conservatlon Area 34,

INTRODUCTION

The historical Everglades extended from Lake Okeechobee south to the Gulf
of Mexico prier to dralnage methods introduced by man in the 20th century.
During the wet season, from May through October, water flowed in a large sheet
through this predominantly sawgrass marsh to the Gulf of Mexico. A major patrt
of this historical marsh is currently (1987) delineated by five Water Conser-
vation Areas, which are shallow wetlands enclosed by levees during the 1950's
and 1960's for water-management purposes. The largest, Water Conservation
Area 3A (WCA—3A), releases water inte the major undisturbed part of The Ewver-
glades, the Shark River Slough, within Everglades National Park (fig. 1),

The schedule for releasing water and the quantity of water released to
the park have undergone =everal changes. From 1970 to 1983, deliveries to
Shark River Slough were managed by the South Florida Water Management District

according to water-level regulation schedules set by the U,8. Army Gorps of

lp.s. Geological Survay,
2National Fark Service.
Fgouth Florida Water Managemsnt District.,
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Engineers and a minimum monthly surface-water delivery schedule mandated by
the U.S5. Congress in 1970 (Public Law 91-282). Concurrently, Senate Report
No. 91-895 charged the U.S. Army Corps of Engineers and the National Park

Service with establishing water-quality requirements for maintaining the
environment of the Everglades National Park. The water-quality standards for
the released water wete baszed on an upper control chatt limit that reflected
the true mean concaentration, standard deviation, and sampling frequency
(Rosendahl and Rose, 1979) for samples collected between 1970 and 1978 at
5-12C and L-67A. The ttue mean is calculated from the arithmetic mean with an
assumption of a normal concentration distribution (Bowker and Liberman, 1972).
In 1979, the U.S. Army Corps of Engineers began water-quality monitering near
three inflow structures to the Everglades National Park to assure that water
of acceptable quality was being delivered to the park. Water-quality informa-
tion at five inflow structures that supply WCA-3A were not part of the formal
agreement but were included in the U.§. Army Corps of Engineers’ monitoring
pProgram.

Concentrations of water-quality constituents could be below the standards
established in 1979 but show an upward concentration trend that would indicate
a probable future exceedance. Recognition of constituent trend increases
would be useful in identifying sources and proposing mitipation selutions
prior to significant ecological damage, In an attempt to evaluate any statis-
tically significant time trends in water quality, the National Park Service
and the U.S. Geological Survey evaluated the water-quality data base used by
the U.5. Army Corps of Engineeras, Because of the data-collection frequency of
four times per year, the U.S. Army Corps of Engineers and Everglades National
Park agreed that evaluation of a semimonthly data set used by the South
Florida Water Management Distriet would be more appropriate for testing the
application of trend analysis to water quality. Equally important to the
trend evaluation were the exisztence of discharge and rainfall data bases
stored in the computer by South Florida Water Management District,

Purpose and Scope

The purpese of this report is to present a description of the methods and
results of a time-trend analysis of water-quality data from 10 water flow
structures around WCA—3A (fig, 2). Another purpose is to consider the appli-
cability of this type of trend analysis to the current monitoring program as
defined by the 1979 Memorandum of Agreement between the National Park Service,
South Florida Water Management District, and the U.5, Army Corps of Engineers
(Supplementary Data I). The test for trend used in this analysis is the
Seasonal Kendall test (Hirseh and others, 1982). Specific conductance (COND)
and concentrations of orthophosphate (PO,)., mitrate-nitrogen (NO,), total
Kjeldahl nitroegen (TKN), and total nitrogen (TN) were tested for trends over
the 5-year period 1978 through 1982. Many of the 10 flow structures tested
had 24 samples per year.

The time-trend analysis included regression models that relate water-
quality constituents and antecedent rainfall hiztory for the 10 flow strue-
tures. Where the r-squared value indicated a regression relation representing
greater than 5 percent of the concentration variation, the model residuals
were tested for trend, Relations between antecedent di=charge history and
water-quality constituents also were defined by multiple repression models.
Residuals from discharge-based regression models were not evaluated for trend
because of flow control changes within the 5-year period.
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Figure 2.—The locations of the major inflow and outflow structures of Water
Congervation Area 3A, and percentage of total flow for 1978.

Background

The watershed of WCA—3A Includes a variety of land-use types. From west
to east there is a general progression from relatively undisturbed land near
inflow structure 5-190 (fig. 2), to extensive agricultural usage near inflow
gtructure 5—8, to more urban areas near inflow structure 5-9, The propoertion
of total surface inflow or outflew at each structure for 1978 1z deplected In




figure 2, but the actual discharge is seasonal and varies annually on the
basls of management decisions and rainfall., Total minimum discharge (260,000
acre-feet per year) through the four $-12 outflow gates on the south end of
WCA—JA was guaranteed by congressional mandate (Public Law 91-282) until 1983,
but could vary conslderably among the four 512 pates. South Florida Water
Management District records for 1978 indicate the following inflow and outflow
from WCA=-3A, in acre-feet.

Inflow Outflow
{in acre-feet) {(in acre-feet)

5-8 260,163 5-151 90,543
5-9 157,719 5-12A 24,590
5-140 147,381 5-12B8 64,714
5-150 14,281 5-12¢ 271,878
5-190 66,451 5-12D 168, 807
1-3 140,677 Outflow €50,532
3-11A B&,364 Evapotrans- 2,169,360
5-11B 188,766 plration

5-11¢ 180,322 Total out 2,819,892

Inflow 1,242,124

Rainfall 1,629,749
Total in 2,871,873

The largest source of inflow to WCA-3A4 is rainfall (approximately 50 to
80 percent), and the largest source of outflow for the 786-square-mile marsh
is evapotranspiration (approximately 70 percent, or 2 million acre-feet). The
mean residence time of water 1s 0.8l year for the shallow (ranging from dry to
2 feet, 6 Inches) marsh, Because af the physical characteristics of WCA-3A,
nitrogen and phosphorus are readily incorporated into marsh vegetation and are
largely retained in the conservatlon area (74 and 96 percent, respectively)
{(Federico and others, in press).

The rainfall pattern over Water Conservation Area 3A varies seasonally
with a 44 27-inch per year, 30-year moving average for the period 1952 through
1981 (Lin and others, 1984). The rainfall for the years 1978 through 1982 was
88, 83, 95, 106, and 121 percent of normal, respectively. This generally
Increasing rainfall component of the total inflow may affect water-quality
concentration by dilution or by acting as a source for specific constituents.

The general annual rainfall pattern is highly seasonal with numerous
examples of seasonal effects on concentration (Waller and Earle, 1975).
Water-quality concentratlions are serially dependent and the Seasonal Kendall
test for trend was chosen in an attempt to employ a statistieal technique that
eliminates the effects of serial correlation.

An implicit assumption in the overall analysis is that the probability
distribution of rainfall or discharge is unchanged through the 5-year evalua-
tlon peried. A consclous change in flow causes predicted values early or late
in an evaluation peried te be consistently higher or lower than obszerved
values. Any water-quallity model constructed as a function of discharge may
inadvertently produce an appatrent trend that is a result of flow control, The
regregsion model produces a set of concentration residuals generally higher or
lower than warranted; this causes an apparent trend because of the change In
water management, In 1983, the National Park Service, the U.S. Army Corps of
Engineers, and the South Florida Water Management District agreed to a con-
tinuous flow policy for water entering Shark River Slough. This anticipated




CUMULATIVE DISCHARGE. IN CUBIC FEET

policy change is reflected in figure 3, which is a plet of the 30-day cumula-
tive rainfall and discharge at outflow structure 5-12A for the 1978-82 evalua-

tion period, The last 6 months of 1982 show a

definite increase of discharge

over rainfall compared to previous years. Other examples of discharge patterm
shifts appear throughout the period of record at all 10 flow structures.

Therefore, regression models based on discharge

, although constructed, were

not considered in determining trends in model reslduals.
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DATA PROCESSING AND ANATYSIS

Parts of three data sets (water quality, discharge, and rainfall) were
retrieved from the South Florida Water Management Distriet computer onto a
nRagnetic tape and loaded onto a U.$5. Geological Survey PRIME! computer located
in Tampa, Fla. These data sets were edited and transferred to the Amdahl
computer in Resten, Va., which had a Statistical Analysis System (5A8) library.
Additional editing, merging, model construction, and trend analyses were
performed with 5A5 format routines runm in batch mode from the Tampa PRIME.
Flgure 4 summarizes the major steps in reformatting the South Florida Water
Management District data sets and for performing the statistiecal analyses.

Water-Quality Data

The water-quality data set (WCAQW) contained 22,242 card images repre-
senting 3,707 water-quality analyses, from the 10 flow structures, for the
perlod 1978 through 1982. Each analysis was represented by the six-card format
listed in Supplementary Data I1. A sample code type was included on card six
and provided the main mechanism for deleting samples that were related to
quality assurance (replicates) and special collectlion techniques (flow-weighted
sampling, bottom samples, and others). The number of samples retained for
analysis at the 10 flow structuras from the WCAQW water-quality set are listed
in table 1, Inflow structures S-150, 5-11A and ¢, and outflow structures
5-12B and C were excluded from the analyses. Entries inte the computer for
samples that were collected twice monthly by standard grab-sample methods were
retalned for transfer to the Amdahl computer in Reston, Va. The program
transferring the edited data files 1= termed IEBGENER (Ffig. 4).

Discharpe Data Base

Daily discharge, in cubic feet per second, for the 10 flow structures was
represented by 1,810 card images that had three cards per month. The day of
the month was implicit in the column of the card. An example of the format is
shown in Supplementary Data II. The 5-year period at a structure would be
represented by 180 card images. Each file was reviewed for missing and dupli-
cate records, corrected, and then transferred to an Amdahl computer in Reston,
Va. A program was used to reassemble a discharge data file (for example, Q57
in fig. 4) that contained an explicit date. A listing of this program
(TRANSPOSE) is given in Supplementary Data III,

Rainfall Data Base

The South Florida Water Management District ralnfall data files employed
the same format of three cards per month, impliecit day, format used for the
discharge data files. The 33 rainfall collection stations in the proximity of
the 10 flow sztructures are shown in figure 5. All records had some missing
data for the 5-year period. Table 2 lists the 10 flow structures and identi-
fies the rainfall stations that are most representative of each structure.
Parts of adjacent rainfall records were spliced into the primary rainfall
station records to complete a continucus record at each rainfall station near
the 10 flow structures. Imbedded in the rainfall records were seven alpha
remark codes= that indicated missing or accumulated ralnfall data. After
editing, the remark codes were deleted, and the file transferred to the Amdahl
and TRANSFOSED (fig. 4). :

luse of brand, firm, or trade names in this report is for idsnkifiestisn purpesee only and does
not constituce endorasment by the U.E. Geolagical ZSurvey.
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Table 1.—Sample collection location descriptiong, total number of
water-gqualicy samples, and number suitalble for trend analysis

(SFWMD = South Florida Water Management District]

" “Sample Total Number of
collection nunber samples

location of samples suitable Sample collection

(flow in SFWMD for trend location description
gtructure) data base analysis
5-190 375 89 Discharge from 5-190 in C-28 canal under
State Road 84 bridpe.

L-3 97 B5 I-3 canal near the Deer Fence Canal bridge.
5—8 124 62 8-8 structure pumps water from the

Everglades agricultural area Into the
Miami Canal. Upstream sample site.

5-140 418 101 5-140 pumping station near State Road 84.
Upstream sample site.

5-7 571 g8 5—7 pump station along State Road 27 that
discharges to WCA—2A. Upstream sample
site.

$-11B 124 62 Gate structure on U.S. Highway 27 that

releases water from WCA—2A to WCA-3A.
Upstream sample—site.

5-9 502 108 5—9 pumps water into WCA-3A neatr U.§.
Highway 27, Upstream sample site.

8-151 326 96 Gate structure on the Miami Canal that
releases water from WCA—-3A to WGCA—3B.
Upstream sample site,

5-12D 376 116 Easternmost 8-12 gate structure at U, 8§,
Highway 41 that releases water from
WCA—3A into the Shark River Slough.
Upstream sample site,

5-124 309 90 Westernmost 5—12 gate at U.5. Highway 41
stTucture that releases water from WCA~3A
into marshes and prairies of Everpglades
National Park. Upstream sample site.

Constituent Selection and Merging of Data Files

The water-quality, discharge, and rainfall data files were stored on tha
Amdahl. The water-quality F{le contained 37 constituents in the format shown
in Supplementary Data ITI. The five constituents (COND, PO, NO,, TKN, and TN)
were selected from statistical summaries of 37 constituents at the 10 flow
structures. The South Florida Water Management District and Everglades
Kational Park selected these five as being representative of many other con-
stituents or having particular ecologlcal significance. Specific conductance




was selected because it integrates all the dissolved charged chemical econstit-
wents. Previous work (Flora and Rosendahl, 1981) has shown significant rela-
tions between specific conductance and most of the major cations and anlons in
water in The Everglades. Specifie conductance also may be used as an I1ndl-
cator of the origin of water (that is, canal, marsh, or preclplitation).
Nitrogen and phosphorus are important to the types of plant growth in the
marsh ecosystem (Swift, 1%81). The general pattern of specific conductance,
orthophosphate, and nitrate can be seen in figures & through 8, which show the
S-year mean concentrations at the 10 flow structures. Elevated concentratioms
of nitrogen and phosphorus and elevated specific conductance are related to
agricultural activities in the Everglades Agricultural Area (fig. 2).

Table 2.—Ten flow stiuctures and most represzentative
rainfall-collection statione

Rainfall-
Flow collection
struciure atation
5-190 RF145
1-3 EFl62
5-8 RF98
5=140 RF145
57 RF99
5-11B RF106
59 RF115
5-151 EFll3
5-12D REF6054
5124 RF6054

Water quality, discharge, and rainfall were merged inte a single SAS data
set (for example, MS7 in fig. 4) on the baslis of water-quality sample date.
An important feature of the MERGE program i{s the creation of three antecedent
conditions for discharge and rainfall. The MERGE program i1z listed in Supple-
mentary Data IV. The three cumulative antecedent periods chosen were for 7,
14, and 30 days prior to the sample date.

Model Selection with Stepwlse Regression

The cumulative antecedent discharge or rainfall are the independent
varisblesz used to construct regression models for the water-quality dependent
variables. Both the independent and the dependent variables can be trans-
formed into a variety of complex functions. The simplest relation is linear
concentration versus linear independent varlsble. Table 3 shows the matrix of
simple relations tested.

Table 3.—Combinations of mathematical tran=formations used
in model construection

Water-quallty Independent variables
constituent {(rainfall and discharpe)
form Linear Inverse Log Cuadratic
Lineatr X X X X
Log X X X

10
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The linear equation for orthophosphate-phosphorus (PO,) at inflow struc-
ture L-3 would have the form:

(PO,) = 0,0222(RF30T) - 0.034 (1)
where:

(PO,) 1s orthophosphate-phosphorus concentration, in milligrams per
liter,

(FO,) = 0.004 (the detection limit), and
RF30T is antecedent 30-day cumulative rainfall, in inches.

The equation, for example, would predict a concentration of 0,188 mg/L
(milligrams per liter) for 10 inches of rainfall in the previous 30 days
(RF30T = 10). The relation had an r-egquared value of 0.63, which means that
63 percent of the observed PO, concentration varlation iz explained by this
simple relation between 30-day antecedant rainfall and orthophosphate concen-
tration. Each water-quality constituent at each structure had both & linear
and log-transformed concentration regression model that had three or more
forms of the independent rainfall and diseharge variables (table 3). The
water-quality constituent model for a particular site was the best single
relation from 42 variations of concentration, rainfall, or discharge transfor-
mations. There are 50 final models representing the best stepwize regression
model selected for each of the five water-quality constituents at each of the
10 flow structures, '

An example of the type of stepwise regression program that was used to
'select the best Independent variable (MAXR) is listed in Supplementary Data V.
The appreach is to allow the best single variable with the maximum r-squared
value to be selected from the available independent variables,

Model Qutput with General Linear Models

The SAS stepwise model construction (MAXR) was used to find the single
best independent variable, When this variable is defined, model construction
is repeated with GIM (GLM is the SAS acronym for General Linear Models (Helwig
and Council, 1979)) using only the beat independent variable. The GLM program
contains provisions for retalning predicted and residual values as output
(Supplementary Data VI). A residual is the difference between the observed
concentration and the concentration predicted by the model. In each case, a
graph of residuals versus predicted concentrations was plotted to eliminate
model output that had obvious patterns. Three major patterns in the residuals
plet may ocecur (Daniel and Wood, 1971):

1. Proncunced departure of the residuals related to the slze of the predicted
value; this 1s usually wedge shaped.

2, A U-shaped pattern that indicates a curvilinear model relation would
produce a better representation of the data.

3. A plot thar indicates clustering of predicted values; high or low values
(outliers) offset from the cluster may have an unwarranted effect on the
slope of predictive equation,

Figure 9 is a plot of PO, residuals from the model based on RF30T versus

predicted concentrations for structure L-3, whereas figure 10 1s a plot of PO,
tesiduals from the Log (PO,) = 0,001 (RSQ30) + 0.016 regression model.
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Figure 9,—Orthophosphate residuals from the model based on 30-day
antecedent precipitation (RF30T) at site RF182 versus predicted
concentrations for inflow structure L—3.

Deletion of an observed value from a data set based on residual patterns
can improve a model relatiom. Unfortunately, removal of an observed value may
also remove the mest lmportant obzervation in terms of recognizing cause and
effect relations (for example, fig. 10). Five models were adjusted by obser-
vation deletion in eorder to permit expansion of the residual cluster and aveid
an unwartanted effeet on the prediction equation. The 30 residual plets for
the highest r-squared regression models greater than r-squared = 0.03 are
shown in Supplementary Data VIL. Indicated on table 4 are the 5 models that
had subsequent observation deletion and the 13 regression models that were
rejected because of a residual pattern, A regressiom model with another form
waa substituted for a rejected model i€ {t met the r-squared criteria of
greater than 0.05.
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Figure 10.—Orthophosphate residuals from the quadratic model based on the
squatre of 30-day antecedent precipitation (RS5Q30) at site RF 182 versus
predicted concentrations for Inflow structure L-3.

Seasonal Kendall Test

The second major feature of GIM residuals is to permit output directly
inte the Seasonal Kendall test (Hirsch and others, 1982). Observed concentra-
tiong for 30 structure-constituent combinations and 29 model residuals were
tested for time trend.
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Table 4.—Water quallty-rainfall regression model equations for Water
Conservation Area 3A

Quality Madel Rainfall Y-axls Accept- Sub-
Structure variable coefficient wvariable intercept r? anca sti-
{(v) {m) {x) {b)} problem  tute
5-190 LNCOND -0,034 RF30 6.446 0.3904
5-190 P04 002 RSQl4 004 .4B36 Residuals No
5-190 TEN .035 INVRF3I0 1.438 L0534
5-190 TN L036 INVEF30 1.461 L0536
1-3 LNCOND -.058 RF30 6,263 . 5690
1-3 PO4 .001 R5Q30 .016 .7216 Residuals Yes
1-3-Rerun LNPO4 .028 RF30 -4, 815 .04758
-3 LNTN -.052 INVRF30 711 .0525 oOutliers No
5-8 COND -. 826 RSQ30 B69.003 ,0648 Residuals Yes
§-8-Rerun  COND -21.9%4 RFl4 B886.519 L0588
5-8 LNPO4 .198 RF30 -5.418 .3593 Residuals No
58 NO3 .065 . R8Q7 .565 .4563 BResiduals No
5—8 LNTEN 061 LNRFl4 N-1.1: .0894
5-8 TN .530 RF7 2.803  .3545
5—-140 LNCOND -.032 RF30 6.232 L3794
5-140 PO4 .002 BSQl4 .020 .3815 Residuals No
5-7 COND -3,139 R5Q7 1,198.537 ,1332 Outliers HNo
57 P04 .002 R5Q7 034 .6230 BResiduals No
57 NO3 L6l RF7 327 .5361 Residuals Yes
§—7-Rerun  LNNO3 -.034 RF7 ‘ 7.093 L2476
57 TEN ,092 RF'7 2.635 ,0593 Residuals No
57 TN 462 RF7 3.011 3703
5118 LNCOND -,068 RF7 6.950 A%6 CQutliers  Yes
5-11B- LNGOND -.056 RF7 6.939 L1137
Rerun :
S-11E PO4 .002 R5Q7 ;001 .9570 Reslduals No
5—11B NO3 021 RSQ7 102 .740% Reslduals No
5-11B TN 021 R5Q7 2.627 3698
59 LNCOND -.034 RF7 6.776 L3600 Outlier Yes
5—9-Rerun  LNCOND -,027 RF7 ‘ 6.771 ,1010
59 PO4 .000 RS5Q7 .004 L8801
3-9 NO3 025 RF7 .007 .5407 Residuals HNo
5-151 P04 9.275 RSQ14 .00s5 L0573
5-12D COND -2.260 R5Ql4 691.819 .0887 oOutliers No
5-12D PO4 .Q00 RFl4 .003 .0543 Resldual No

5-12A COND -23,318 LNRF30 326,734 1121
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The Seaszonal Kendall test is a nonparametrie trend test based on
Kendall’'s Tau test (Kendall, 1975). The seasonal provision permits comparison
of data palrs from the same season (Supplementary Data VI). Season — € causes
the median concentration from January and February 1978 to be compared (higher
or lower) with January and February 1979. Other season — 6 time periods are
March—-April, May—June, July-August, September—October, and November—December.
Adjacent time periods (palrs, for example, 1978-79, 1979-80, and so forth) are
compared, and the number of intervals (nvals) would be 24 for a 5-year time
span with 1 or more concentrations recorded for each 2-month segment. An
increase hetween a palr is recorded as a plus {concordant) and a decrease as a
minus {discordant), The differences between the plus and minu= pairs are
tested for slgnificance (p-level). The Seasomal Kendall test has an addi-
tional provision te calculate a slepe based on the statistieal distribution of
the concordant palrs (Hirsh and others, 1982).

RESULTS

Evaluation with Rainfall and Discharpe Stepwise Models

- The initjal model construction phase permitted a cholce of three rainfall
and three discharge independent wvarlables. The linear, log, and inverse
functions listed in table 3 were evaluated, The initial stepwise analysis of
water quality included discharge axz an independent varlable, and the results
ate presented 1o table 5. Discharge entered the stepwlse regression in 13
cases of 50 possible constituent-structure cases. Rainfall had the highest
r-squared for 24 cases. The remaining 13 cases lacked signi{lcance; they had
an r-squared less than 0.05.

Evaluation with Rainfall Stepwisze Model

With the elimination of discharge as a possible independent varlable,
MAXR was revised to simultaneously evaluate linear, log, and inverse forms of
rainfall history. An additional medification was the program statement set-
ting all PO, concentrations less than 0.004 to 0.004 mg/L. The reported
detection limic for PO, was raised from 0.002 to 0.004 during the study
period. This reporting change of the higher detection limit resulted In
apparent significant PO, -trend increases at several structures. Supplementary
Data V lists the SAS program used for evaluating the lilnear and log concentra-
tion versus the three transformations of antecedent cumulative rainfall
(linear, log, and inverse). ‘

An additional set of rainfsll transformatioens was entertained with a
simple guadratic model: RSQ30 = RF30T x RF30T. The r-squared comparison of
the three evaluations is listed in table &. The addition of the quadratie
rainfall, independent variable, resulted in 14 models with a greater r-squared
value than the other 6 Independent rainfall variable forms evaluated by linear
and log concentrations. An arbitrary level of 0.05 for r-gquared was used as
the lower limit for an acceptable concentratlon-rainfall model. Using this
eriteria, 20 of 50 water-quality-structure combinations had r-squared values
less 0.05, This means that 20 water-quality-structure combinations failed to
show a relation with 21 possible antecedent rainfall model chelces (table 3).
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[Bant model r-squared ia underlined i1f graater than 0_05; (N) = nob pignificant]

Linear-Linear Linear-Invecns Linear-Log Log-Linwar
Staticn Dependent - + b - + - = mx +
riama variable ndependent - ndapandstit r- ndependent I- ndependant -
v} variable EUATE varinble square variable BOUAI® wvariable HQuAL
{x}) (1/%) (nx) (x3
5-190 COND RF20T D.3642 IRVQ3D0 0.1174 LWRFa0 0.1a48 30T a.,3804
E-180 PO4 RF14T L2721 INVQ7 ML LNQ7 L1123 . LYy
5=190 KO3 QanT .0716 INVRF30 L0334 kﬁg%% 1028 QaaT ,1005
5-180 TN QaonT .03l I L1225 1} Wik 1] QT L0412
5-180 ™ Q3anT .03ra I .1287 LRRF30 0282 Q77  RADE
L-3 COND RFA0T L4878 INVRF30 .25&1 LNEF2Q L) EFEQ% . 5680
L-3 PO4 aT L6341 INVRFA0 L1430 LNRF30 _A841 RF30 _ 4378
L-3 NO3 (HN) Qag .QZB8 INVQ7 L0228 LNQ14 .0337 {aoT L0150
L-3 TKH Q30T .0224 INVQ14 -0e99 LRQ30 0581 Q30T .0383
L-3 ™ Q30T L0477 INVQLld LOB01 LHQ30 L0877 Raar L0542
5-8 COND QL&T . 1200 INVEF14 L0848 LNRF14% L1130 14T 1420
5-8 FO4 HFapT L2990 INVRF? L0410 LNRF2AD L1720 T ,3528
-8 NQ3 52%; .36Aao IRvG7 L0518 LHRF7 L1887 Q7T L1348
5-a TER RF .0572 INVQ7 L0722 Eggi .1138 RF?T 0878
3-8 ™ RE7T L3123 INVG7 _DB74 7 L2020 RF7T .2aB5
S5-140 COND QT _3B02 IRVQ? 0135 LEQl4 .2768 g%; LA312
5-140Q FO4 IT 4984 INVQ7 L0336 LNQ? L2333 Q L h4B2
8-14D NO3 (M) RF30T _aoez INW7 .003Q LRQ? Q082 RF30T RETL
5-140 TEN (H) RF30T ,00e3 INVGa0 .0359 LNQ30 .0192 RF30T .QZBd
8-140 TN (N} Q1T .0032 INVQ30 .papa LNQ3Q .0214 QT 117B
5-7 COND RFJT 4771 IKVQ1a .02a48 LRG1a 0285 RE7T . 1188
8-7 PO4 RE7T 5522 INVRF?7 .0318 LERF14 L2120 RF14T L2703
5-7 RO3 RFEE . 5346 IRVRF? .gaaz LNRF7 .23749 Q7T ,3038
B-7 TEN QrT 08Bl INV(30D D3GR LNRF?7 .0538 Q71 Rk
5-7 TN EE?T L3EA2 INVRF7? . 04386 L¥RF7 L2001 QT 2573
5-11B CORD RF?T Lh0h3 INVAF14 L0771 LNREF14 _2H4B4 REF7 4570
5=11B PO4 RFZ% L1756 INVQAQ L1580 LNRF? 1928 7T 4311
5-11B NO3 RF7 _BD0E1 INVQA0 L2201 LRQ30 L2054 RFIT L2154
B-11B TKN FFaoT L0383 INVRF30 _@513 L] _0662 RFIDT .Dags
5-110 TH REZL (2436 INVZa0 .2015 03a .1e52 RF7T . 1382
5-9 SOND RE7T 2802 INVQ14 .0g58 LRQ7 L1735 RF?T ,3R0E
5-9 PO4 L5438 INV? L0024 LHEF7 0521 RF7T 0969
3-8 MO3 T 5445 INVQ7 .0513 LNRF7 L2308 RF?T L2724
5-9 TEN 3 ALY D) INV30 .nols klv} L0712 Q30T 0448
8-0 ™ Qaor 02397 IRVQ7 L0036 % LBk QanT L0348
8-151 COND 30T 0502 INVRF14 .0261 LRQ30 L0262 QaoT L0475
5-131 oL (N3 4T 03061 INVQA0 L0451 LNG30 ,01498 RF14T 0256
§=-151 HO3 (N) 0301 L0117 INVQ? ,boal LRRFY L0036 Q30T . 0387
5-151 TEN {N) RF7IT D206 INVRF14 .0288 LNRF?7 .003a RF7T L0131
5=151 IN (NH) RF7T L0105 INVRF14 L0258 LNGQ? L0014 RF7T , 0061
2-12D COND RF7T ,0584 INVRF14 .0232 LHRF3Q 0225 RF?T 0682
5-120 P04 RF14T L0653 INVQld LD1B2 LNRF14 ,0271 14T .0728
8-12D RO3 Q30T L0228 7 .0548 LHQA0 _0542 RF7 _posl
5-12D TEN (N) RF7T LG17A 14 0188 LNHF? .0189 RF14T .016B
5-12D IN (N} RF7T .D155 INVRF 14 L0233 LNRF7 L1154 RF/T L0123
8-12A COND RFI14T L0568 INVRFI0 0184 LNRF30 iELYE 4T ,a700
S-124 P& (N} RF 14T L0075 INVRE? G187 LNRF7 D244 Q? Lgagl
5-124 NO3 QanT L0153 INVQ14 LTk LNQ1# 0507 7 0535
8-12a TEN ([N} Q1aT . 0388 IRVQ14 .02049 L¥Q14% .0iel Ql4T L0385
5-1ZA IN (H) Q14T _DAG7 INVQ14 L0326 LNQ14 ,0310 Q14T L0422
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Table &, relation e lents for rain ter-quality re n
moda I Water Consapw Area 3A

[Beat model r-aquared ia underlined if greater than 0.05:; (N) = not

slgnificant]
Skructura Variehle Lineag rz Lo .1:2 Quadratic 52
(¥} ¥y = m{x) + b (loy = m{x) + by (y_=m{x") + h)

5-150 COND RF30T 0_3842 EF30T 03804 REQ30 0,3%44
5-180 P04 RF14T L2722 RF30T L2513 REQ14 .4828
8-190 HO3 (M) RFIT .0073 LNRE? 0128 R5Q30 , 0056
5-140 TEN INVRF30 0534 INVRF7 . 0303 RSQan .0031
5-190 ™ INVRFI§  .053E INVRF14 0263 RSGA0 .0038
L-3 COND RF30T .4B78 RFan . 5890 R2G30 3803
L-3 FD4 RF30T 6335 EPEE% 4758 R5Q30 7216
L-3 ND3 (N} RF7T ,0L48 INVRFa0 0157 REQ7 0084
L-3 TEN (M) INVRF30  .0242 INVRF30  .0471 R5Q30 L0077
L-3 TN INVRF30  .0252 INVRFI0 0525 RSQ30 L0083
5-8 COND RF14T .0588 RFL4T 0580 ESQ30 .0G4A
5-8 FO4 RF30T 2072 RF30T 3593 REQ30 .az7g
5-8 M3 RF7T .3880 RFI4T L1228 REQ? L4554
5-8 TEN FFIT L0573 LNRF 14 .0893 R 0651
5-B vl RF?T 3124 RF7T T R50Q7 . 3545
5-140 CONTH RFA0T 3341 a0t .a704 R50Q30 -1-1:F
5-140 FD4 RF30T ,3103 RF30T L2698 REQ14 . 3803
5-140 N3 (N) RF30T . 0082 LNRF30 .0335 R50Q30 ,0028
5-140 TKH (N) RF30T .03 RF30T . 0289 RSQ30 0121
2-140 TN (M) INVRF? .0014 RF30T L0131 R5Q30 0035
5-7 CONRD RF7T 0773 RF7T J1172 RSQ7 1342
§-7 P04 RF7T LR RF14T L3108 REG7 L6230
2-7 ¥0a RF7T . 5346 RF14T (2445 R .5174
57 TKN EF T 0568 RF7T 0493 R=Q7 0487
5-7 TN RF7T L3681 RF7T L2340 RS0)7 . 3436
8-11B COND RF7T 4042 RF? . 4569 REQ14 .a734
g-11B i3] RFIT L7773 E!T% 5214 E507 8570
5-11B NO3 RF7T LBOBA RF7T V2155 REQ7 7403
2-11B TEN (M) RF30T 0384 RFA0T .0398 0 041D
5-11B ™ RFIT 2438 RF/T 1382 RsQ7 3684
5-9 COND RF7T .2801 RF7T 3808 REQ14 L2081
S- P04 RFZT 5779 RF7T L2135 7 L8801
5-g N3 RFIT 5448 RF7T L2722 4330
5-9 TEN (N} T 0270 RF30T _D248 R5Q30 L0140
5-4 ™" (N) RF30T _0145 LNRF30 0115 REQ30 0051
$-151 COND (M) INVAF30  .0191 INVRFI0  .0188 R3014 004
5-151 T4 RF14T 0402 RF14T .0335 R8Q14 L0568
8-151 NO3 () LNRF? .0177 INVREY .0394 E3Qa0 0012
5-151 TKN (N) RF7T 0206 INVRFI0 0415 REG7 0122
§-151 TN (H) INVEF30  .0205 INVAF30  .0401 REG14 .00a6
5-12D COND RF7T ,0585 RF7T .ng82 H50Q14 BB
&-120 . FD4 RF14 0543 RF14T .@501 RS 0384
§-12D0 H23 (W) 14 0181 LNRF7 0112 R5Q7 .onz%
§-12D TEN (N) INVRF14 0202 INVRF14 0202 RAQ14 0224
§-12D TN (N) INVRF14 0280 INVRF14 0276 RS014 L0162
5-12A COND LNRF3 .1121 LNRF30 .0967 RSGan . 0438
5-124 FO4 (N) iITETQ 0101 RF14T 0183 REQY 0050
g2-12A ROa (N LNRF14 .03z8 LNRF14 .0368 RSQAN 0054
Sn124 KR (M) RFI0T 0288 RF30T D RSQI0 0283
5-12a TN (N} RF30T .0319 RF30T EELS REQ30 .0300°
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The highest acceptable water-quality concentration-rainfall regreszion
model was entered into the GLM procedure (Supplementary Data VI). The 30
regression models each produced a residuals versus predicted values plot
(supplementary Data VII) that was reviewed for patterns and outliers which
might unnecessarily influence the model equation. Table 4 lists the 30 ini-
tial regression relations selected for WCA-3A. Thirteen modelsz were rejected
for patterns similar to that depicted in figure 10. Substitute model candi-
dates were selected from table &, If the resulting residuals plot was free of
patterns, it was used for further analysis. The filve successful substitutes
are indicated on table 4 as "rerun." An additional five models had serious
outlier problems, Figure 10 deplcts this basis for rejectlon alse. After
deleting the few data points that were isolated {outlier), the model was rerun
(table &). In most cases the new model relation was no longer significant at
the 0.05 r-squared level. This left 17 models avallable for residual trend
analysis.

Trend Results

Uncoxrrected Concentrations

The ohserved concentrations uncorrected for the Influence of rainfall
history were evaluated for time trends with Seasonal Kendall tests (Crawford
and others, 1983). Season was set at six (Supplementary Data VI). Table 7
lists the results of the 50 tests with a significance level (p). None of the
observed concentrations showed a statistically significant, p less than 0.053,
time trend for the period 1978 through 1982.

The initial test for trend with observed concentration data ylelded a
significant increase in orthophosphate-phosphorus between 1978 and 1982 at 4
of the 10 sample locations, Review of concentration versus time plots indi-
cated that the generally low concentrations of 0.002 mg/L or greater abruptly
increased to values equal to or greater than 0.004 In 1980. Discussion with
the Water Quality Laboratory Section supervisor for the South Florida Water
Management District confirmed a reporting change in orthophosphate phosphorus
concentrations, with a revised detection limit from 0.002 mg/L te 0.004 mg/L
beginning in 1980, Any analysls of water-quality trends must evaluate
potential impacts of analyrical procedure or reporting changes in the test
period,

Model Residuals

The CLM regression models (table 4) are used to calculate a predicted
concentration for each water-quality constituent. The residual is cthe ab-
served concentration minus the model predicted concentration. Figures 9 and
10 illustrate "reslduals" plots for two models. The Seasonal Kendall proce-
dure tests the numbar of discordant and concordant residuals palrs to evaluate
increasing or decreasing trends in time. Table 8 lists the trend reszults for
the 17 statistically significant (r? > 0.05) concentration model residuals.
Initially, orthophesphate and nitrate reslduals from station 5-11B (table 4)
showed the only statistically significant increase for the 5-year time period
(p < 0.05). However, both had pronounced outliers and a distinectly linear
shape to the model residuals, so substitute regression models were selected
and analyzed for trend. The new regresslon model residuals based on log
concentration and linear RF7 did not show evidence of trend (table 8).
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Table

[Senmon squals wix,

NOBE im the tumber of noen-missing observationa
NVALS im the number of non-missing asascnal

in the original data.

valuss constructed]

Etructure Variabls NOBS  NVALS Tau p-lavel Slepe (m)
8-190 COND 84 26 -0.200 0.342 =17.%50
5=180 P04 12} 28 .133 . 507 .0
B-180 NG3 Bo 26 1Y _203 _1G667E-03
2~-180 TKR BE 26 -.2580 .154 -.5000E-01
B=180 N a8 28 -. 244 235 = 4750K-01
L-3a COND a3 24 =-.027 1.000 =1.825E-01
L-3 P04 a5 24 . 1.000 -0E25E-D1
L-3 NO3 B2 24 .0 1,000 .QB25E-01
L-3 TKN .L] 24 .188 _418 -4167E-01
L-3 N a5 24 .189 L4190 .BE67E-D1
5-A COND ik 28 =.214 251 =26 _42E-01
5=-8 FO4 144 20 .21 .0BB .3125E-02
B-8 ND3 143 29 =-.1758 348 =.5028E-01
8-8 TKN 141 28 -107 602 -3500E-01
BE-4 N 143 24 .0l8 1._004 ,2000E-01
E=140 COND 88 ie 140 JAT2 3.750E-01
8-140 o4 100 28 .obaa .878 . 7000E-03
8-140 NO3 100 29 QL8 1.000 .0
B-140 TEN 100 2B .DAf .8B3 5750E-01
S-140 by 100 29 .053 . Bag .4000E-D1
a8-7 COND 78 o -.180 .26 -16,23E-01
5-7 PO4 aa a0 278 .113 L2500E-02
B-7 ROa B4 an .04 LBk .2000E-D2
&=7 TKN B8 30 148 432 .B0DDE-01
B-7 ™ a6 30 21118 . 556 . 10%0E-01
5-11D COND 51 24 =-_263 .237 =33.71E-01
8-11E s b 1] .105 L8334 .0
3~11B [ #x] [:11] 24 263 229 .1767E-D1
5-11B TEN a1 24 . 103 684 .4873E-01
5-110 ™ [.14] Z4 -833 .80 _4500E-01
&-9 COND 104 20 104 374 4, 600E-01
8-4 PO4 108 g 197 .169 .0
5-8 RO3 108 a0 =-.033 917 .4
B-8 TKN 148 3o =.048 _ Bk ~.8750E-02
s-9 N 108 El .018 1,000 .1500E-01
2-15%1 COND g2 256 200 L342 7.000E-01
83-151 PO 1.3 28 .0 1.000 .0000E-01
§-151 NO3 -] 26 L200 111 .3750E-02
5151 TKN 1.1 26 .333 .0a7 -1133E-02
B-151 . "] 26 280 -154 .1075E-02
5=120 COND 112 31 =.215 217 -17.33E-D2
8-12D PO4 115 a1 -.031 LT24 0
E=12D HO3 118 b =-.185 288 =_B8500E-02
5-12D TKH 115 a Q4B LBhD .1000E-01
§=12D IR 115 31 -.031 924 ~.1125E-a1
S=12A COND aa 28 348 . 083 19, 58E-0]
5-124 PO ab 2B .0 1.000 .0053E~-01
5-12a NO3 Q0 26 022 1.000 .0
5-12A TKN B& 26 .130 L3683 L2870E-01
3-12A ™™ -1] 28 152 1:-H L2062E-01
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Table 8.—Significance level of Seasonal Kendall Trend tests on
water-quality regression model residuals for Water Conservation
Area JA

[Season equals six. NOBS is the number of non-missing observations
in the original data, NVALS {s the number of non-missing seasonal
values constructed]

Structure Variable NOBS NVALS Tau p-level Slope (m)
5-190 CONDRES B2 25 -0.366 0.078 -0.3895E-01
5—-190 TKNRES a7 25 - .268 .208 -.5242E-01
5-190 TNRES 87 25 - 220 .04 -.4853E-01

L-3 GONDRES 81 23 - .091 771 -.1195E-01
-3 PO4RES 23 23 .030 1.000 LA586E-03
5-8 CONDRES 94 29 - 214 .215 -26.42E-01
5-8 TENRES 142 29 L1413 LA4h6 .1023E-01
5-8 TNRES 142 20 - 071 . 754 -.2940E-01
5-140 GONDRES a7 28 KT .913 LA422E-02
53-7 NO3RES 87 30 .049 . 844 L3485E-01
5-7 TNRES 85 30 .148 A2 .9526E-01
5-11B COMDRES 58 24 - 211 .358 -.3378E-01
5-11B TNERES a0 24 .053 .B96 L3437E-01
5-9 CONDRES 103 30 . 148 JA32 .1208E-01
5-9 POLRES 107 30 A1l 077 .134BE-03
5-151 POARES 95 26 022 1.000 .8349E-06
5-124 CONDRES B6 25 .366 078 19.5RE-04

Apparent Trends

Water-quality trend analysis In WCA—3A was evaluated for two major pur-
poses. The first purpose was to detect any significant increases in consatit-
uent concentrations for water flowing into WCA-3A or flowing south into the
Shark River Slough. The second purpose was to evaluate the 1978-82 U.5, Army
Corps of Engineers monitoring program (Supplementary Data I) from the
standpoint of discriminating water-quality trends.

The South Florida Water Management District water-quality data base was
used to evaluate trend at 10 selected locatiomsz. The choice of the South
Florida Water Management District data set was based on coverage of water-
quallty properties, uniform collection procedures, frequency of collection,
location of sampling, and, in part, on the avallability of a compatible elec-
tronic file for the 5-year period 1978-82, Twenty-elght water-quality cen-
atituents were screened with SAS statistical summaries for frequency of sample
collection. Data on major catiens, anions, and nutrients were generally
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available on a frequency of twice per month. Five representative constitusnts
were selected to reduce the amount of data processing and resulting informa-
tion. Models based on 7-, 14-, and 30-day cumulative antecedent rainfall were
constructed and the statistically significant models based on r-squared and
residual patterns were tested for trend. Orthophosphate and nitrate residuals
for 7-day antecedent rainfall at station 5-11B were the only twe apparent
constituent structure palrs that had statistically significant increases.

Plets of the observed concentrations of nitrate and orthophosphate for
the 1978-82 collection period at 56, S—7, and $-11B are shown in figure 11.
Unusually high nitrate concentrations were plotted in August 1281, The ex-
tremely high rainfalls that occurred prior to these sample dates reflect
Tropical Storm Demnis, The rises In nitrate and orthophosphate concentration
during July 1981 showm in figure 11 resulted from the consclous management
decision to dewater WCA—2A in 1980 and the controlled burning of much of the
area in 1980-81 by the Florida Game and Fresh Water Fish Commission (Worth,
1983). A dry, recently burned area was inundated as a result of more than 11
inches of rainfall on August 16—18, 1981. In addition, the Eastern Everglades
Agricultural Area was drained to provide flood relief by pumping water through
5—6 and 5-7 into WCA-1 and WCA~2A. The high nutrient concentrations of these
source waters for S—11B are shown In figure 1l1. The effects on concentrations
were greatly diminished by the next sampling, September 15, 1981. The combi-
nation of a fresh source (the burned marsh area), an extraordinary rainfall
(Tropical Storm Dennis), and enriched agricultural inflow produced highly
slgnificant (r? = 0.957 for orthophosphate and r? = 0.740 for nitrate) quad-
ratle regression models (RS5Q7) whose residuals had a significant (p < 0.05)
upward trend for the 5-year period 1978-82. The Seasonal Kendall test had
been set to season = 6, which means that equivalent 2-month period, median
conecentration residuals were tested for trend,

The U.S. Army Corps of Engineers sampled for water quality at three
locations four times annually (Memorandum of Agreement, Supplementary Data I).
The U.5. Army Corps of Engineers, South Florida Water Management District, and
National Park Service agreement specified that samples be collected in Octo-
ber, January, April, and July during the period 1978-82. The three locations
were all adjacent to Everglades National Park boundaries. The South Florlda
Water Management District 5-11B data were edlted to determine whether less
frequent sampling would also detect an apparent trend. Samples collected at
times approximating the months agreed upon were retained and trend analysis
for concentrations and model residuals performed. The trend test was repeated
at both season - & and season = 4. The results presented in table 9 show no
detection of trend with quarterly samples. Changing season from 6 to 4 did
not change the lack of significance of either concentration or model residual
trends at 5-11B.

MONITORING CONSIDERATIONS

The trend analysis approach 1s almost ideally sulited to the South Florida
Water Management District computer-based water-quality data management system.
The frequeney of collection used by South Florida Water Management District ia
often twice monthly for many important water-quality constituents. This
frequent date collection facilitates testing relations with other wvariables,
guch as the antecedent rainfall used in this analysiz., The South Florida
Water Management Distriet water-quality file contains chemical analyses from
many locations throughout the district. This widely distributed areal cover-
age provides a distinet advantage Iin any attempt to analyze water quality
superimposed on a complex, highly managed flow system.
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NITRATE CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 11.—Comparison of nitrate and orthophoaphate at inflow structure
$-11B with two major upstream Iinflow structures, 56 and 57,

Table 9.—Seasonal Kendall test and slope estimator for trend mapnitude
at structure 5-11B from 1978 through 1982

[NOBS is the number of non-missing observations in the original data.
NVALS is the number of non-missing seasonal values constructed]

Variable Season NOBS NVALS Tau p-Level 5lope

POL 4 21 16 0.080 0.B54 0.1000E-29
POARES 4 21 16 L0840 _869 .1593E-05
NG3 4 19 14 111 L840 ,5271E-02
NG3IRES 4 19 14 222 .546 .1301E-01
PO4 6 21 192 .091 .B34 .1000E-29
POARES 6 21 19 0 1.000 -.2587E-04
NO3 é 19 17 L2954 . 390 .5000QE-02
NOJIRES [ 19 17 L0592 1.000 .6459E-02
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Several aspects of the South Florida Water Management Distriet water-
quality monitoring network correspond to components of an idealized netwotrk
similar to that shown in figure 12, Wide peographic distribution enhances
identification of a chemical constituent close ta the source of the constit-
uent. The combination of extensive coverage of water-quality constituents,
frequent sample collection, and rapid chemical analyses increases the lead
time for affecting contaminant containment or dispersal. A frequent sample
cellection program alsc permits a water-quality data base that provides a more
robust statistical analysis of changes (trend analyszis) and the factors such
a5 antecedent rainfall or discharge that might influence change.

ECOLOGICAL WETLAND
PERSPECTIVE RESEARCH
RESQURCE
CONSTRAINTS SAMPLE

STRATEGY

CONTINUING
DATA

ANALY SIS
SURROQGATE \
SAMPLES EXTENSIVE GONTAMINANT
PARAMETER MANAGEMENT
COVERAGE
WIDEF FREQUENT
GEOQGHAPHIC SAMPLE RAPID
DISTRIBUTION COLLECTION GHEMICAL

ANALY S5
EXPLANATION

——fpe- MAJOR PATHWAY
—n— ALTERNATIVE PATHWAY

DATA MANAGEMENT SYSTEM

Figure 12.—Schematic representation of the components of an idealized
water-quality monitoring netwerk,

The U.5. Army Corps of Engineers data-collection effort included analyses
for 36 water-quality constituents and 21 individual pesticides. Extensive
coverage on a watershed like the Shark River Slough provides resource managers
with information on changes from a wide variety of sources in the basin. The
cost of extensive coverage on a frequent sample-collection interval i= exces-
sive and diverts laboratory facilities and personnel resources from other
responsibilities. The idealized water-quality monitoring network would use
water-quality surrogates for extensive coverage. This approach was agreesd to
in the 1979 Memorandum of Agreement by specifying daily samplingas for dis-
salved oxygen, specific conductance, and pH. The twice monthly collection of
nutrients and other constituents by South Florida Water Management District
accomplishes a =imilar goal. The revised Memorandum of Agreement of 1984
incorporated the concepts of more frequent sample collection, more sample
collection locatlons, and fewer types of chemical analyses.
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Many of the objectives of an idealized water-quality monitoring network
depend on two attributes that are facilitated by current laboratoty technol-
ogy; rapid chemical analyses and storage of the results in an accessible
computerized data-management system. The U.5. Army Corps of Engineers results
could not be readily analyzed because four different types of data storage and
retrieval were used in the 5-year period covered by the 1979 Memorandum of
Apreement. Rapid access to the analytical results of any monitoring system
facilitatea recall of previocus results and testing for change. Continuing
data analysis not only recognizes change but permits revizions to the judi-
cious use of surrogates and allows sample collection adjustments to more
clearly characterize water-quality changes.

Ecologlcal perspective is a component of the idealized water-quality
monitoring network to the extent that the network gsampling strategy may be
revised., Judgments of sampling location, frequency, parameter coverage, Lype
of data analysis, and use of surrogates, all depend on understanding how the
entire ecologlcal system functions. Thiz understanding needs to be revised by
a continuing data analysis of the network. A series of research programs,
external to the monitoring network, designed to determine the biogeochemical
processes that operate in southern Florida would enhance a reevaluation of
sampling strategy.

CONCLUSIONS

The specific approach of model construction and Seasonal Kendall trend
analysis is but one type of continuilng datae analysis. The trend analysisz
approach 1s applied to a single constituent and station versus time and cannot
address the marked concentration gradient that exists across the water conser-
vation flow system. The trend analysis of samples from 10 flow structure
locations around WCA~-3A leads to a number of comclusions:

+ It is possible to amend the Seasonal Kendall trend preocedure used by the
U.5. Geological Survey to a more generalized approach for data sets with
other data formats,

+ The application of model construction and Seasonal Kendall test for trend
to the South Florida Water Management District data bases was successful,

+ Antecedent rainfall and water-quality constituent regression models were
constructed for 10 flow stationa. Only 17 statistlically significant
regression models from 350 possible combinations were available for trend
analyslis,

» No trends for speclfiec conductance, aorthophosphate-phosphorus, nitrate-
nitrogen, total Kjeldahl nitrogen, or tetal nitrogen were detected by the
Seasonal Kendall test for the 1978—82 time period at the 10 flow struec-
tures.

. An apparent trend for orthophosphate-phosphorus and nitrate-nitrogen ini-
tially seen at $-11B was not accepted because of the influence of out-
liers. Elimination of outliers eliminated the statistical significance
of the apparent trend.

+ Monthly or more frequent sample collection is highly deszirable for trend
analysis.
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- Although pronounced areal differences in water quality exist around Water
Conservatlon Area 3A, no water-quality trends were detected adjacent to
the agricultural areas for the 1978-82 time period.

» Discharge was excluded from the evaluation of models because specific
changes were made in the release strategy during the evaluation peried.
If water release followed a consistent set of rules during an evaluation
period, then discharge could be a basis for trend evaluation.

* The 5-12 outflow structures ylelded the fewest statistically significant
regression models, possibly because the flow regulation was independent
of rainfall and the Conservation Area which contributes flow Ls a large
flood pool that is independent of short term (30 davs or less) rainfall.

On the basis of this analysis, certain aspects of an ideai water-quality
monitoring network for the Shark River Slough can be defined. These include:

* A computerired data-management system Is neaded for this and many other
rigorous evaluation programs.

+ Each station has distinguishable water-quality characteristics that suggest
that the number of sample locations is important and that lumping af
inflow data needs to be done cautiously in any evaluation effort.

* Location of sampling sites away from Shark River Slough and closer to
source areas of nutrients and other chemical constituents affords early
identification of problems and possible amelicrative response.

* Coordination between the Everglades National Park, South Florida Water
Management District, and U.5. Army Corps of Enginecers is highly desirable
tor any water-quality monitoring network for Shark Rlver Slough.
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SUFPLEMENTARY DATA I

N THE U.8, ARMY CORES OF ;
MENT DIETEICT, AND THE NATIONAL PARE 8P
E QUALTTY OF WATFR ER NG EVERGLADES WAT

kNG EVE

WHEREAS  the Comgreas, in connactisn with tha Everglades National Park, has directed tha Corpe and the National
Park Service "to reach an aarly AETAEMENt on mesasursA Lo assure that the water delivered to tha park im of auf-
ficient purity to prevent scological datage or daterioration of the park's envirenment.” (River Basin Monetary
finthorizakionz and Miscellaneous Civil Works Amendments, Senate Report No. ©91—B85, p. 24); and

WHEREAS the quality of exiating water daliveries to the park does not depart aignificantly frem that of waters
which have not bean altered by tha works of man; and

WAFREAS the Corps, the National Park Service (NF5), and the Weter Managemsnt District (WMD) mre conceined that
watars delivered to the park are not degraded;

NOw, THEREFORE, the Corps, NP3, and WMD do hereby mituslly agree to tha following:

1. Water gquality criteria for 36 parameters as spunerated in Appendix A attached hereto and made m part of harsaf
shall apply to waters dalivared to the paxk. Federal, State, and loowl watar quality criteris which ara
mere stringsnt then thosw appendad criteria ahall continus ko apply.

2, The concenktrations of pesticidea in park delivery watera 48 to be 0.0, Actual concentrationa are to be below
the limite of detestion. A listing of pesticides im shown in Appendix B attached hereto and made a park
haxeof.

3, The Corpa shall collect and analyze for the specified 36 parameters and 21 pesticide residuce samples from
delivery watars st the following locationw: L—&7A Canal, L—31=¥ Cannl, and C—111 Canal, (See mep in
Appendix C attuched harsto and made & pert harest),

4. The Corps phall makws aveilable to bhe HES and WD all aample collection data and enalysis of that sollection
wWithin B0 days of tha oollection dats.

3. That tha Corpa, NFS, and WD shall maet at such times as may be neceazary at the raquest of any party, but not
lass frequently than once a year to review the monitering atatlen locations and the collected data to dete:-
mine whether or not water quality oriteria ars being mat.,

6. Ehould water guality criteria not be met, the Corps, NP5, and WMD shall take appropriats and legal actien Eo
zestore ot protect the guality of weter entaring the Park,

7. In the svanbt that a slemr and present dengar to water quality ham besn determined Lo exist by tha ¥atiomal
Park Swrvice, appropriste sstions or auch legal process ws may ba n4cessary to restors or pratast bhe gqual-
ity of watey wntering the Park ahall ke teken by the Corpa, NFS, and WD,

8. The Corpa, NPZ, and WD tecognize that the dats Lesw for the appended atandards needa pariodic reviaw,
Therefors, the atandards will ba reviewed fop tdequacy and necessary revisions made hefors January 1, 1884.

IN WITNEZE WHERECF, THE FARTIES HERETC HAVE SIGNED THIS AGREEMENT ON THE DATES INDICATED.

{CORPORATE SEaL)

ATTEST
{original asigned)
SECKETARY

EXECUTED IN THE FRESENCE OF: SOUTH FLORIDA WATER MANAGEMENT DISTRICT,
BY IT5 GOVERNING BOARD
{original aignad)

{original signed)
BY
CHATFFEN
AZTO Wi DATE

THE UNITED STATES ARMY CORFS OF ENGINEERS
EXECUTED IN THE PRESENCE OF: {original aigned)
BY

(original migred) COLOREL, CORDTS OF ERCINEERS

GISTRICT ERGIREER, JACKSORVILLE DISTRICT
"AT TO CORFE OF ERGINEERS DATE

EXECUTED IN THE FRESENCE OF: THE RATIONAL PARK SERVICE
(original signed) {original signed)
Y S OFERTRTERDENT EVERGLADES WATIORAL FARK-
0 NA AL F. DATE
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o ( ;' v
fAT IDONA] .J;‘:‘-

AFPPERDIX A
Mean concantration 1

Paramater 197ﬂi1973 Uppar limit

L
Turkidity, JIU §.44 11
Color, FCU £5,56 124
Spec. Conductance (umho) 573.8 B4T
DO, wg/L 5.18 4.5
BOD, mg/L 1.42
NH4, mg/L, an N .08g 0.24
MO, ow/L, as R .0128 0.04
RO}, mg/L, an N .16 0.7
QrgN, mg/L, am N 1.52 2.1
Total N, mg/L, aa N 1.8 2.9
P04, mg/L, a3 P .ooa 0.0z
Totnl P, mg/L, aa P .033 0.24
00, mg/L 3z.7 51
TIC, me/L R0.4 (]
pH, Units 7.8 7.6-8.0
Alkalinity, mg/L, as CaCOd 176.9 264
TD5, ma/L 346 8 566
Aardnear, mg/L, a8 CeCOd 174 330
Non oarb Bard, mg/L 18 54
Caleium, mg/l 58.3 86
Magnasium, mg/L 11.3 25
Sodium, mg/L 47 93
Pobnssium, mg/L 2.9 3
Chloride, me/L 77.6 143
Suylfats, mg/L 19.7 L
Fluoride, mg/l .35 0.7
Arsenic, ug/L 7.8 20
Cadmium, su/L 2.2 10
Chromium, ug/L 3.5 20
Cobalt, ug/L 1.2 5
Cappay, ug/L 2.4 8
Iron, wg/L 122 270
Lead, ug/lL 4.2 13
Manganess, ug/L 10.5 24
Zine, Mg/L 19.6 iz
Marcury, ug/L .07 0.5

}Anmual mean not to exceed thia valua. All parameters measured
guart.orly (Cctober, Jenwary, April, and July) sxcept Dismolved QXygen,
pecific Conductance, and pH, which are to be mwesvrsd daily.

AFFENDIX B

Peaticides Allowsble Concentration of Zero!l

(Sampled Semiannually)

E!:ﬂal’.ﬂ!

Aldrin
Lindana
Chlordana
onoD
jririg
Dot
Disldrin
Endrin
Ethion
Toxaphens
Haptachlor
Heptachlor E
FCH

Malathion
Paxathion
Diazinon
Mathyl Parathicn
2, h, 5-T
Silvex
Trithion
Mathyl Trithien

ls.umpl“. to ba taken in water column wntil concsntrations in

madimant are established.
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SUPFLEMENTARY DATA II.--Card image Fformats of South Floride Water Managemant Diatrict water-quality dats zet (WCALW)
and dizcharge dakta set.

Station Orthophazphate
|Dnt.!| horua |Cnudut:tlmcg
L
CM-IBDlBSEl [nwl.lus.nnn 0000 17200 8.700 WU.OlD 7.300 11

CAMBO163L3 T 108 i K)eldahl
CAMBO183L3 .00 0z6] 040 010 [5G 1.180 1,230 |Nitrogen
CAMBOLEIL) 42.100

CAMBO183L3 [Fitzata

CAMEO183L3 18,000 F!Emgln Type Code

CaMBOZEEL3  11678,1600.000 4 18,800  B.100 480.000 7.700
CAMBEOZ38L3 016 041 +[ Next
CAMBO25SL3  .004  .DO&  _D20 010 1.010 1.000 1,020
CAMEOZ3aL3 42,800

CAMBOZ59L3

CAMEO230L3 18.000

Daily diecharge (cubic fest per second) in thres card par month format with impliclt date.

La7&011 3 1 0 0

L378012 & 3 ] 10

L378013 182 164 143 133 11
L373021
L378022
L378023
L3T8031
L378032
L378033

=]
=
=

Ll
o
Ln

13

ooDooQo
ooDooao
SO0 D
COoOoCOOoOmED D

o

b
SR E-T-2-1
SO0 OCBe

2 OB
[=K=1J-] (=R =02=1" ]

Data File Name: WCADW
Content: Water gquality dats at 5-7, 8-8, 5-9, 5-11H, 5-12A, 3-12D, 5-140, L-3, L-28, 2-151 for period 1878 through
1682

nput Fo
Variable HRecoxd Colupms Fiald Variable Record Columns Fiald
(Comment } Hame No, Bemin End Width Iype (Comment) Hama Ho, Begin End Width Type
ETATION 1 8 12 [} A (MOx + NH4) INORG ] 33 aQ a F
MONTH 1 1a 19 1 F KH4 3 4] [1:) A F
DAY 1 20 21 2 F TEN 3 48 56 8 F
YEAR 1 22 23 2 F (dimmolved

{hours, min) TIME 1 25 28 & ¥ TEN )} TDEN k| 57 B4 a F

(matars) DEFTH 1 33 40 B F (TEN-NH4G ) DRGN 3 B5 72 a F

t'cy TRE 1 41 4B 8 F TOTALN 3 73 BO a F

Do 1 48 58 B F CA ] 17 24 8 F

[field MG [ 25 32 a F
HEAsuEa— ) 4 ] a3 40 a F
ment ) SPCORD 1 57 B4 -] F NA ] 41 L1: & F

LABCOND 1 65 72 8 F 5102 L] 489 58 8 F
PH 1 73 80 a F 504 4 57 Bh a F
TURBE 2 17 24 -] F CL L] 85 72 ] F
COLOR 2 25 a2 a F ALK 5 72 1] a F
OFC4 2 33 &0 8 F (hardneen} HARD 5 17 L] a F
TEO4 2 41 48 B F (total dimanlvad:

{total cadmium TDISSCD 5 25 a2 a F
dissolved chromium TDISSCR 5 a3 40 a F
P) TOPOS 2 49 58 B F copper TDIZECY 5 41 &8 a F

(dismalved manganasa TDISSMN 5 49 58 a F
organic F) DORGEO4 2 57 B4 B F Lend TDISSFB 5 57 B4 a F

(pacticulats atrentium TDISSSRE 5 B 72 a F
P) PARTF 2 [k} 72 B F zing) TDOISSZIN 5 73 B 8 F

(total 1=dieschargs,
argaryle 2=no
carbon) TOTORGC 2 73 8D B F dimcharge DECH ] 17 24 -] F

KD2 3 17 24 B F sample type BAMTYP 1 b T ¥ ] a F
RO3 3 25 34 -] F

Equivalent Fortran Format: (BX,A4,3F2,F4.0,4X,8FB8.3/16X,8F8.3/716X,8F8, 3/16K, BFB.3/16X, AFB.3/16X,3F6.3

Note on Sampla Type (SAMIYP): daleta all sbmervations with BAMTYP = B. Thess represént duplicate analyses. All
other valuae reprasent walued data,

Number of card imagea: g2, 242
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EUEFLEMENTARY DATA III.--Liating of TRANGFOSE prosram written by
Sharen Watking, U.5. Geslogical Survay.

//AGUICARS JOB (mceount numbar MATTR, 3,10}, "MATTRAR",
/1 CLASS=T
{1* 88DIR <TPA=TALLARASSEE>S TUDIES>AMAT TRAR>SFHMD
I EXEC BAB
J/DISCH DD DSN=AGH 1CAR. (L3 .DATA, DISE=OLD, UNI T=ONLINE
//CUTR DD DEN=AG41CAR FLOW, DISF=OLD,
/1 UNIT=ONLINE
f{SYSIR DD *
DATA Q;
INFILE DISCH;
INPUT YEARL 10-11 MOl 12-13 @815 (V1-V10) (10%5.)
#2 §15 (V11-¥2D) [10*6.)
#3 415 (V21-V3l) (10%8.);
PROC TRANSPGSE PREFIX=) OUT=QFRIME;
VAR V1-Val;
BY YEAR1 MO1;
PROC MATRIX;
DUMMTY=J (1880, 1);
Do I=1 T 5;
DO J=1 TQ 12;
DO K=l T0 31;
ngl!ﬂ(((((tI-l)*lZ)+J-1)*31)+K).1)-&;
END;
END;
OUTFUT DUMMY OUT=DATES (RENAME=(COL1-DATE));
DATA OUTR.QL3;MERGE QFRIME DATE3;
IF 1= . TEEN DELETE;
DROF NAME_ ROW;
FROC ERINT
’*
rr

SUPFLEMENTAEY DATA IV.--Listing of MERGE program written by Sharon Watkins,
U.5. Geological Survey.

Ilﬁﬁﬁtﬁggj JOB (account numhar,HATTR,S.lO).'HATTRAW',
If G =3
7 /%88DIR <TFA>TALLAHASEEE>STUDTES=HMATTRAW
/1 TEXEC BAS
//DIECH DD DEN=AGA1CAR.FLOW,DISP=0LD
/ /GLADES DD DEN=AGH1CAR.57 .DATA, DISP=OLD
f/RAIN DD DEN=AG41CAR.FLOW, DISP=0LD
//MRG DD DEN=AGA1CAR,FLOW, DIEF=0LD
f/5YSIN DD *
DATA ONE;3ET RAIH.RFGO;
RkF7T=LAG(RF1)+LAGZ (RF1)+LAG3 (RF1)+LAGA (RF1)+LAGS(RF1)+LAGE (RF1}+LAGY (RF1);
RF14T=RF7T+LAGH (RF1)+LAGS(RF1)+LAG10 (RF1 J+LAG11 (RF1)+LAG12 (RF1)+
LAG13 (RF1)HLAGLA (RF1);
RF20T=REF14T+LAG15(RF1)+LAG16 (RF1)+LAGL7 (RF1)+LAGLA(RF1 YLAGLO(RF1)+
LAEZB(RF:I.)+LAGZI(H.Fl)ﬂ.A.GENB.FlHLAGza(RFIHLAGZi(RF:I.HLAGZS[H.FIHIAGZE(RFU*'
LAG27(RF1)+LAGZE (RF1)+LAG23 (RF1J+LAGI0(RF1);
DATA TWO;SET DISCH.QS7:
Q7T=LAG{Q1)+LAG2(Q1)+LAG3 (Q1)+LAGY (Q1y+LAG5(Q1)TLABE(Q1)+LAGT(QL1);
IF Q7T=0 THEN DO; - .
Q7T=2;
END;
Ql‘l'I-Q?Ti-LﬂGB(01)+LAG9(01)+LAI310(Ql)+LAGll(QlJ+LAGlE(Q1)+
LAGLA(QLY+LAGLA{0Q1);
nzor—qu1'+1.A615(Q1)+1.A616(Q1)+1.AG17(q1)+LnG18m1)+LAG19(Qn+
LAC20 (011 ) +LAG2 1 (Q1 )+LAG22{Q1 }¥LAG23 (Q1)+LAG24(Q1 YHLAGZS5 (1 )+LAGZE (1) +
LAGZ7{Q1)+LAG2A(QL)+LAGRA(QL)+LAQAO(O1)
DATA THREE;INFILE GLADES;
INEUT ID & 8-12 MO1 1B-18 DATE 20-21 YEAR1 22-23 COND 57-64
$2 POA 33-4D
#3 W03 25-32 TEN 4@-58 IN 72-60
LR
FHOC SORT: BY YEAR1 MOL1 DATE;
DATA MRG.M57; MERGE ONE TWO THREE; BY YEAR1 MO1 DATE;
IF (COND=. & POa=_ & NO3=. & TKH=. & TR=.) THEN DELETE:
CUTEUT MRG.M57;
ft
1
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SUPTLEMENTARY DATA V.--Listing of MAKR program with rainfall only independent
varisble

JFAGRICARS JOB (aveownt numbar MATTR, 3,103, 'MATTRAW,
/1 CLASS=C
f/* S§DIR =TLH>TALLAHASSEE>STUDIES-HMATTRAW>5IEP
{! DIXEC SAB
/ {MRG DD pEN=AGL1CAR FLOW, DISE=0OLD, UNIT=ONLINE
//SYSIN DD *
DATA ONE; SET MRG,ML3;
IF RF7I=0.00 THEN DO;
RF7T=0.01;
END:
IF EF14T=0.00 THEN DO;
RF14T=0.02;
END;
IF RF30T=0.00 THEN DO;
RF30T=0.03;
END:
IF FO4=0,002 THEN DOQ;
FDA4=0, 004 ;
END;
LYWRF7=LOG(RF7T};
LNRF14=LOG(RF14AT) ;
LNRF30=L0G(RF307T) ;
TNVEF7=1/RE7T;
INVRF14=1/RF14T;
INVRF30=1/RF30T;
LNCOND=LOG (CORD) ;
LNPOA=LOG(FOa ) ;
LHNOA=LOG(RO3 ) ;
LNTEN=LOG(TKN) ;
LNTH=LOG(THN);
DATR=MDY (MO1,DATE,YEARL);
JULIAN=TULDATE (DATR);
OAY=MOD ( JULTAN, 1000 ;
IF MOD(YEARI, 4)=0 THEN DECTIME=18500+YEAR1+(DOY/36&);
ELSE DECTIME=18500+YEARL+{DOY/3I65);
FROC S0ORT:
BY JULIAN;
PROC STEPWISE;
MODEL LNCOND=LNAF? LWRF14 LRRF30 RF7T RF14T RF230T INVRFY INVRYF14 IRVRF3O0/
MAXR STOP=1;
DATA TWO: SET QNE;
PROG STEPWISE;
MODEL LNPD4=LNRF7 LNRF14 LNEFID RF7T RF14T RF30T INVREY INVEF14 INVRFIOD/
MAXE STOP=1,
DATA THREE:SET TWO,;
PROC STERWISE:
MODEL LNNO3=LNRF7 LNRF14 LNRF30 RF7T RF14T RF20T INVRF7 INVRF14 INVREF30/
MAMR STOP=1;
DATA FOUR;RET THREE;
FROC ETEPWISE;
MODEL LNTEN=LNRF7 LNRFl4 LNRF30 RF7T RF14T RF30T INVRF? INVRF14 INVRF30/
MAXE STOP=1;
DATA FIVE;SET FOUR;
PROC STEFWISE;
MODEL LNTN~LMRFY LNRF14 LNRF30 RF7T RF14T RF30T INVRF7 INVRF1l4 INVRF3G/
MANH STOF=1;

4
‘,\i

H
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SUPPLEMENTARY DATA VI.--Liating of GLM program with Seasonal Kendall twst

J/AGLICARS JOB (account numbar, MATTR 3,10}, "MATTRAW',
/] CLARS=C
J /% S8DIR <TLH>TALLAHASSEE>STUDIES>HMATTRAW=GLM
J/FROCLIE DD DSN=wRD,FROCLIE, DIGP=SHR
// E¥EC VWADSAS,DSN1=NULLFILE,DENZ~NULLFILE
//MRG DD DSN=AG41CAR.FLOW,DI5P=0LD, UNIT=ONLINE
{}EYSIN DD *
DETIONS HOOVE HODATE;
DATA ONE; SET MAG, MS11B;
IF RF7T=0,00 THEW DO;
RF7T=0.01:
END;
IF RF14T=0,00 THEN DO;
RF14T=0.0%;
END;
IF RF3I0T=0.00 THEN DD;
REI0T=D.03;
END;
IF PO4=0.002 THEN DQ;
POa=0, 006 ;
END;
LNCOND=LOG(COND ) ;
REQ7=RFIT*RF7T:
DATR=MDY (M1, LATE, YEARL)
JULIANnJULDATE (DATR) ;
boY=MOD { JULTAN , 1000);
IF MOD(YEAR1, 4 )=0 THEN DECTIME-1B00+YEARI1+(DOY/366);
ELSE DECTIME-1300+YEAR1+(DOY/385);
FROGC 50RT;
BY JULIAN:
FROC GLM;
MCODEL LNCOND=RFIT,
OUTFUT QUT=B
FREDICTED=CONDERED
RESIDUAL=CONDRES;
FROC SEASKEN SEASON=G;
VAR DECTIME COND CONDEES;
EROC FLOT NOLEGEND;:
PLOT CONDRES+DECTIME CONDRES*CONDERED;
TITLEl GLM RESIDUALS VERSUS DECTIME FOR S11B;
PLOT LRCOND*DECTIME-'C’ CONDPRED*DECTIME-'F' / OVERLAY;
TITLE1 OBSERVED AND PREDICTED CONDUCTANCE VEREUS DECTIME FOR S11B;
TDATA THO; SET OKE;
FROC GLM;
MODEL PO4=REQT;
OUTFUT QUT=E
FREDICTED=PO4 FRED
REZIDUAL=FO4RES:
FROC SEASKEN SEASQN=E;
VAR DECTIME PO4 EQALHES;
FROC FLOT MNOLEGEND;
PLOT POLRES*DECTIME PO4RES#FO4PRED;
TITLEl GLM RESIDUALS VERSUS DECTIME FOR S5118B;
PLOT POWADECTIME='0' POAPRED*DECTIME='P® / OVERLAY;
TITLE1l ORSERVED AND PREDICTED CRTHOPHOSPHATE VERSUS DECTIME FOR S511B;
DATA THREE:SET TWO;
FROG GLM;
MODEL NO3=R5Q7;
OUTFUT OUT=E
FREDICTED=NOIFPRED
RESIDUAL=NQAIRES;
FROC SEASKEN SEASON=-G;
VAR DECTIME NO3 NO3HES;
EROC FLOT NOLEGEND;
PLOT HO3RES+DECTIME NOJRES*NOIERED;
TITLE1 GLM RESIDUALS VERSUS DECTIME FOR S11B;
PLOT HOA*DECTIME='O' NU3FRED*DECTIME='P' / OVERLAY;
TITLE1 OBSERVED AND FREDICTED NITRATE VERSUS DECTIME FOR 511E;
DATA FOUR;SET THREE;
PROC SEASKEN SEASON=6;
VAR DECTIME TKN:
PROC PLOT WOLEGENWD;
FLOT TKN4DECTIME:
TITLEl TOTAL KJELDARL NITROGEN VERSUS DECTIME FOR S11B;
DATA FIVE;SET FOUR;
FROC GLM;
MODEL TH=REQ7;
GUTFUT OUT=R
PREDICTED=THFRED
RESIDUAL=TNRES;
FROC SEASKEN SEASON=E;
VAR DECTIME TN TNRES:
FROC PLOT NOLEGEND;
FLOT INRES*DECTIME TNRES*TNERED;
TITLEL GL™ RESIDUALE VERSUS DECTIME FOR S11B;
FLOT THNWDECTIME~'Q' THFREDADECTIME='PE’ / OVEHLAY;

TITLELl OBSERVED AND PREDICTED TOTAL NITROGER VERSUS DECTIME FOR E11B;

PLOT RF7T*DECTIME REQ7*DECTIME;
‘f*
1
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SUFPLEMENTARY DATA VII.—Residual plots for the 30 statistically significant
regression models,

Residual versus predicted:

Conductance for §190
Orthophosphate for 5190

Total Kjeldahl nitrogen for $190
Total nitrogen for $190
Conductance for L3
Orthoephosphate for L3

Total nitropen for L3
Conductance for 58
Orthophosphate for 58

Nitrate for 58

Total Kjeldahl nitrogen for 58
Total nitrogen for S8
Conductance for 5140
Orthophosphate for 5140
Conductance for 57
Crthophosphate for 57

Nitrate for 57

Total Kjeldahl nitrogen for §7
Total nitrogen for 57
Conductance for S511B
Orthophosphate for 511B
Nitrate for 511R

Total nitrogen for S$511B
Conductance for 59
Orthephosphate for 59

Nitrate for 59

Orthophosphate for 5151
Conductance for §12D
Orthophosphate for $12D
Conductance for 512A
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TKNRES REZIDUAL VERSUS PREDICTED TOTAL KEJELDaAHL NITROGEN FOR 5190
.1 A
TKN = D.035{INVEF30) + 1,438
1.8 + Accepted
1,3
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i
0,9 I A A
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.| A
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CONDRES REZIDUAL VERSUS FREDIGTED CONDUCTANCE FOR L3
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THRES RESIDUAL VERSUS FREDTCTED TOTATL N1TROGEN FOR L3
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PO‘&RE? RESIDUAL VERSUS PREDTCTED ORTHOPHOQSFHATE FOR 58
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TKNREF RESJDUAL VERSUS PREDICTED TOTAL KJELDAHML NITRCOGEN FOR 58
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CONDEE RESIDUAL VERSUS PREDICTED CONDUCTANCE FOR 5140
o5 = A
Ln(COND) = -0.032(RF1I0) + 6.232
Acceptad
0.4 ¥
A
03 o+ A
A
A
A
0.2 A A
A
A A
A A A.\AM A A
0.t A A A i
A 1] A
A A A A
A A AL A
A A A B A
.o A A A -
H A
Ab & A
A A
A A AA A A AB
-0,1 A A A AM A
A A A A
A A A A A
A A
-0.2 A A
A A A
A
-0.3
Iy
b 4
A A
0.1 ¢
o 4 e . A P T Uttt 1
5.E5 5,70 1.75 5.80 5.1 5.Q0 3.9 .94 a.0% a.10 B.11 g.24 6,23
GONDPRED
PO4RES RESIDUAL VERSUS PREDIGTED ORTHOFHOSFHATE FOR 5140
0,20 A
b.24 * A
FO4 = 0002 (REQG1L4) + 0,020
0,20 4 Rajected
A
n.13
A
A
.10 A
A i
A
i
0.0% + a
Y A
C A A
B
ch A A
.00 FB AN
H M A A
KFCAA AAABA A I
HEAA A
Ba A A A
-9.09 4 A A
A
4
-0,10 &
“g 14 =
A
-0.20 +
B e e T t + t b mmmmmakmne - + —hvn +
0.00 c.02 0,04 o.os 0.08 8,10 0.13 9. 1é H,18 0.13 0.20 0,22 0.24 .28 L3 0.3g
PO4LFRED

44
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